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An effective theory for dark matter has recently been proposed. The key assumption is that the dark
matter particle which is a Dirac fermion is protected from decaying by a global U(1) symmetry. We
point out that quantum gravity effects will violate this symmetry and that the dark matter candidate
thus decays very fast. In order to solve that problem, we propose to consider a local gauge symmetry
which implies a new force in the dark matter sector. It is likely that this new local U(1) symmetry will
need to be spontaneously broken leading for a range of the parameters of the model to a Sommerfeld
enhancement of the annihilation cross sections which is useful to explain the Pamela and ATIC results
using a weakly interacting massive particle with a mass in the TeV range.
© 2009 Elsevier B.V. All rights reserved.Pamela [1] and ATIC [2] have recently reported excesses of
positrons (to be precise electrons + positrons in the case of ATIC)
which can be interpreted as a signal of dark matter although a
local source of positron could also explain their signals. These ob-
servations have triggered a plethora of papers offering different
interpretations within speciﬁc models. Most of these models are
designed to address the issue linked with the stability of the Higgs
boson’s mass with respect to radiative corrections. This stability
or hierarchy problem is however not based on mathematical or
physical necessities but it rather linked to speculations on how
gravity and the Standard Model are embedded into one fundamen-
tal theory. The Standard Model with a single Higgs boson, still to
be discovered, does not suffer from any fundamental problem. The
observations by Pamela and ATIC are very exciting because they
suggest that new physics beyond the Standard Model is around
the corner and as we shall see imply a dark matter particle with a
mass of roughly 600 to 800 GeV. This is the strongest motivation to
date to extend the Standard Model. It should however be pointed
out that FERMI has very recently released data which is not com-
patible with ATIC [3]. Clearly it will take some time to clarify the
experimental situation. We shall assume that the dark matter can-
didate is a Dirac fermion. However, this is clearly a theoretical
prejudice as bosonic ﬁelds are viable dark matter candidates, see
e.g. [4,5].
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doi:10.1016/j.physletb.2009.07.049Since we do not want to limit ourselves to a speciﬁc extension
of the Standard Model, we shall follow the approach proposed by
Harnik and Kribs [6] (a similar idea appeared previously in [7]) and
consider an effective theory approach to dark matter. It seems dif-
ﬁcult to accommodate the Pamela and ATIC signals with standard
extensions of the Standard Model and the idea of a hidden dark
sector (such as e.g. [8]) is growing in popularity. We want to re-
consider an effective theory for a fermionic dark matter, a singlet
under the Standard Model gauge group, which has been recently
proposed in Ref. [6]. The key assumption is that the dark matter
particle D is protected from decaying by a global U(1) symmetry.
Allowing four-fermion leptonic operators only the authors of [6]
have succeeded to explain Pamela data for a Dirac fermion dark
matter with mass of the order of electroweak scale with no or a
minimal boost. Discussing brieﬂy the effective theory of Dirac dark
matter with a global symmetry, in this article we show different
ways in which the Dirac fermion decays to other light particles and
it’s dramatic impacts on the cosmological evolution of the density
of dark matter.
We shall start by reviewing the proposal of Harnik and Kribs
[6]. A Dirac fermion D is assumed to be stable under some global
symmetry U (1). This global symmetry prevents the fermion D
from decaying and it can only annihilate to the Standard Model
particle through some higher-dimensional operators suppressed by
a high energy scale Λ. The dark matter particle is assumed to be
a weakly interacting massive particle (wimp). The largest annihila-
tion cross section will appear in the annihilation mode to a pair of
Higgs scalars via dimension-ﬁve operators
D¯DH†H
. (1)Λ
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Kribs is model dependent and for a Dirac bino, for example, would
be irrelevant. On the other hand a relatively weaker, namely,
dimension-six operators, for example,
D¯γ μD f¯L/Rγμ f L/R
Λ2
, (2)
will allow the dark matter particles to directly annihilate into
left/right chiral fermions f L/R . Negligible small cross sections of
the direct detection of spin-independent scattering interaction im-
plies the absence of any interaction to the quarks [9,10]. This
leaves the dark matters to annihilate to leptons only. If one consid-
ers in a supersymmetric theory the Dirac bino as the dark matter
candidate it would then strengthen the right-handed leptonic de-
cay channel and it would thus explain the observed spectrum by
Pamela.
The proposal of Harnik and Kribs is very interesting, however it
is expected that global symmetries cannot be exact symmetries of
Nature. Indeed, it is expected that quantum gravity violates global
symmetries, see for example [11] via e.g. virtual quantum black
holes. Even if the breaking of the global U(1) is small, this can have
a dramatic impact for the effective theory of dark matter consid-
ered above. Let us classify the operators which can be generated
by quantum gravity effects. The lowest dimension operator com-
patible with all the gauge symmetries of the Standard Model is of
the type
 L¯HDR , (3)
where  is a numerical coeﬃcient, L is a left-handed SU(2) lep-
ton doublet, H is the Higgs doublet of the Standard Model and
DR is the right-handed dark matter particle. These operators will
be generated since they are compatible with all the symmetries of
the Standard Model. However, it is plausible that dimension-four
operators generated by quantum gravity are suppressed by a factor
exp(−λ/MP ) where MP is the Planck mass and λ could be some
low energy scale since in the limit MP → ∞ the operator must
disappear. But, the suppression has to be huge. Unless the numer-
ical coeﬃcient  is minuscule these operators will lead to a decay
of the dark matter particles long before our time. An estimate of
its lifetime is given by τ ∼ 8π(MD)−1. The Higgs boson can be on
or off-shell. In a wimp scenario, one expects MD ∼ 100 GeV. This
operator leads to a lifetime for the dark matter candidate much
shorter than that of the universe unless  < 8× 10−43.
The next operator of dimension-ﬁve which we wish to consider
is
1
MP
D¯H†/DL, (4)
where MP is the Planck mass and /D is the covariant derivative of
the Standard Model which transforms in the adjoint of SU(2). This
class of operators leads to a dimension-four operator after symme-
try breaking:
∼ 1v
MP
D¯/ZνL, (5)
where v is the Higgs vacuum expectation value. Clearly the sup-
pression of this operator is not suﬃcient to protect the dark mat-
ter candidate to have completely annihilated already at our cos-
mological epoch. As in the previous case, the Z boson can be
on-shell or off-shell. An estimate of its decay width is given by
Γ ∼ MD/8π(1v/MP )2 where v = 246 GeV. For 1 ∼ 1, one ﬁnds
a lifetime of the order of τ ∼ M−1D × 10−32 ∼ 106 s which is obvi-
ously much shorter than the lifetime of the universe ∼ 3× 1017 s.If there are right-handed neutrinos in Nature which are gauge
singlets under the Standard Model, one can consider other danger-
ous operators, for example
2
MP
D¯LνR H
†H, (6)
where MP is the Planck mass and νR is a right-handed neutrino.
This class of operators also leads to a rapid decay of the dark mat-
ter candidate. Again, the Higgs boson can be on-shell or off-shell.
We propose to gauge the global U(1) symmetry to solve this
problem. Since quantum gravity preserves gauge symmetries, gaug-
ing this symmetry will prevent the operators discussed above from
appearing at the quantum level. Interestingly effective theory argu-
ments lead to the conclusion that there is a ﬁfth force in Nature
acting in the dark matter sector. This idea has been discussed in-
tensively in the literature, see e.g. [12,13]. A new dimension-four
operator mixing the hidden sector and the Standard Model is al-
lowed [14]:
3Fμν Fˆ
μν, (7)
where Fˆμν is the ﬁeld-strength of the new local U(1) symmetry.
This operator leads to a mixing between the Standard Model hy-
perphoton and the new photon, usually called paraphoton (see e.g.
[15]) for a recent review). The phenomenological implications and
experimental bounds of this new operator have been reconsidered
recently in e.g. [7,16–25].
There are now different possibilities. The hidden sector gauge
symmetry could be unbroken and Ackerman et al. [12] have shown
that if the dark matter ﬁeld is a singlet under the Standard Model
gauge group and it forms the thermal relic, then it would violate
bounds coming from limits on hard and soft scattering for many
values of the parameters of the model. However if it is gauged un-
der SU(2)L the bounds are relaxed. This goes against the spirit of
the effective theory we are considering which is based on the idea
that the dark matter is part of a hidden sector. The natural al-
ternative is to break the extra U(1) spontaneously. We thus have
to introduce a new Higgs boson φ in the hidden sector. This cor-
responds to the case discussed recently by Arkani-Hamed et al.
[26]. Besides the mixing of the photon and the paraphoton, there
is a new renormalizable interaction linking the two Higgs sectors
through an operator αφ∗φH†H . This coupling could lead to miss-
ing energy signals at the LHC [8,27]. Another motivation to break
this symmetry is to generate a Sommerfeld enhancement which
as pointed out in [26] could lead to an explanation of both the
Pamela and ATIC excesses if the mass of the dark matter fermion
is in the 500–800 GeV range (which is ﬁxed by the ATIC excess)
and the mass of the massive paraphoton is in the few GeV range
(which is ﬁxed by the Pamela excess). We shall not review the
phenomenology of that model which can be found in [26].
Note that in the limit where the symmetry breaking scale of the
hidden U(1) is bigger than the Planck mass, the global symmetry
becomes a Z2 symmetry which is conserved by quantum gravity
since it originates from a local gauge symmetry. This resembles
very much the global symmetry discussed at the beginning of this
work and it would be impossible experimentally to differentiate
the global U(1) from a Z2 symmetry. Nevertheless at the funda-
mental level we would know that there is a new force in the
hidden dark matter sector which is even weaker than gravity.
There is to date no real theory of dark matter and the moti-
vations to study physics beyond the Standard Model are strongly
dependent of theoretical prejudices. It is thus important to remain
as model independent as possible. In this note we consider a hid-
den dark matter sector and classify the possible couplings to the
Standard Model. We show that quantum gravity would lead to a
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to prevent the dark matter particle from decaying. An obvious way
out of this problem is to gauge this symmetry. This has deep con-
sequences as it implies the existence of a new force in Nature. It
is interesting that this follows from arguments based on effective
ﬁeld theory only. If this new dark force is broken, one could easily
explain the excess of ATIC and Pamela using the wimp mechanism
and a Sommerfeld enhancement which can appear naturally for a
wide range of parameters. If, however, the hidden gauge symmetry
is unbroken, there is range of parameters for which the dark mat-
ter could lead to the correct abundance. The price to pay would be
a ﬁne-tuning of the parameters as pointed out in [12]. More ob-
servational and experimental data are required to determined the
parameters of the effective theory described above.
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